Staff Analysis on Emissions and Economic Impacts d&tegulatory
Proposals for DIY Recharging of Motor Vehicle Air Conditioners Using
Small Cans

PREFACE

Do-it-yourself (DIY) recharging of motor vehicleratonditioning systems (MVACS)
with HFC-134a generates emissions of about 0.71 @RLE annually. This document
presents an analysis of four proposals for reduttioge emissions. ARB'’s original Can
Ban proposal would reduce emissions by 0.47 MMTE@er year, which is about 66%
of emissions from this source, at an average dagb@ut $135/MTCGE to the consumer
and about $25 million per year in lost revenuethoDIY can industry. An alternative
proposal put forth by industry is estimated by fstaf reduce emissions by 0.19
MMTCOLE per year, or 31% of emissions from this sourde,aacost of about
$19/MTCQE to the consumer. A third approach enhances tHastry proposal by
adding a mandatory return and recycling prograntiercans, setting a target can return
rate of 95%, and establishing a comprehensive RiXcation program. It could achieve
emission reductions of 0.22 MMTGPE per year. The increased cost is $2 million per
year and the cost-effectiveness works out to b$@O.E. A fourth proposal being
considered would reduce DIY emissions by usinggatton fees to reduce emissions in
this or other sectors. The mitigation fee appnoeculd reduce 0.85 MMTCE per
year (i.e., the total emissions associated withube of small cans including DIY and
professional). This reduction would cost about /§PBCO.E. This mitigation fee
approach could also be combined with portions efrdtycle based proposals.

INTRODUCTION

As required by AB32, the ARB has developed a lisearly action measures (ARB,
2007a). Six of these early action measures aateckto Motor Vehicle Air Conditioning
(MVAC). According to the U.S. EPA Vintaging ModeMVAC systems are the
dominant user/consumer of HFC-134a (Thundiyil, 20050ne of the early action
measures, reduction of HFC-134a emissions front-gotirself (DIY) service of MVAC
systems has been identified as a discrete eailynacDIY servicing involves recharging
the AC system using small cans of refrigerant t@gbyccontaining about 12 ounces of
refrigerant in weight, but ranging from 2 to 36 oas in weight. The ARB proposed
banning the sale and use of small cans. Industygsed an alternative plan that they
claim would achieve similar emission reductionsoater cost. In its June 2007 meeting,
the Air Resources Board directed staff to evaluammmendations for early actions
made by a group of stakeholders, including the mvhental Justice Advisory
Committee (EJAC). The EJAC recommended removing pnoposed “Can Ban”
measure from the Early Action list because the cdtam believed that the measure
seemed unlikely to achieve the goal of detectionl aepair of leaking auto air
conditioning systems, and because it would platage burden on low-income people
(EJAC, 2007). Those people are likely to dispréipoately rely upon home-based auto



repair and stop-gap repair options such as usiegsthall cans of HFC-134a to fill
leaking air conditioning units.

ARB staff has now explored impacts of adding firetycling rate targets and a DIY
education program to the industry proposal, ane&eblased approach that could be
implemented stand-alone or in parallel with theycde and education proposals. This
paper compares emission reductions and costs assbevith these four proposals. The
reductions in emissions are calculated in termshahges from business-as-usual (BAU).
The following discussions provide an overview o thethod to calculate emissions and
costs, key data, key assumptions, and the resbiails of the calculation and results of
alternative assumptions are provided in Appendix A.

METHODS
Business-As-Usual
Practice

DIY practice involves puncturing a one-way can affigerant with a low cost apparatus
consisting of a valve and hose, connecting therapysto the low pressure (suction) side
of the AC system, and transferring refrigerant frome or more small cans to the AC
system over the course of many minutes. Therevavarhmediate sources of emissions
resulting from this process. First, some refrigerscapes from the can and apparatus
during the servicing process, which is called s@ng leaks. Second, some of the
refrigerant typically remains in the small can aftbe refiling process has been
completed. This remainder is called the can h&scause most cans do not include a
means to close the can, the entire can heel ideghtid the atmosphere shortly after the
can is disconnected from the recharge apparatus.

In addition to the immediate emission there is asaelayed emission that can be
associated with DIY practice. The AC system tleaieives charge from the DIY small
can has leaked, hence the need for recharge. INdIE service operations are
necessarily on systems that leak more than profenigtioning systems, but some DIY
operators recharge their systems every few moiithes.information needed to determine
the distribution of leak rates from DIY vehiclesnet readily available. But because in
most instances the DIY operator is not repairirgy AIC system, but simply re-filling the
leaking system, the leak rate is very likely toHigher than properly repaired systems.
The U.S. EPA Vintaging Model assumes that a prgperctioning system should only
need to be recharged after about 6 years (Thun@@07). The difference in leak rates
between DIY serviced and professionally servicestesys is an emission that can be
attributed to DIY practice. Professional servieehnicians are required to fully diagnose
the AC system before repairing or recharging ite Tnajority of customers choose to
make repairs, even though some choose to rejeairsegnd top off, and some choose to
reject repairs and forgo air conditioning (Atkins@908b).



Emissions

ARB’s Survey of Consumer Products for 2006 estisdkat California sales of HFC-
134a in small containers are 654 metric tons inual® million cans (ARB, 2007b).
Using a Global Warming Potential (GWP) of 1300 féFC-134a (IPCC, 2007), the
annual sales correspond to 0.85 million metric@@» equivalent (MMTCGQE) per year.
Based on information from a small can industry ootism (ARPI, 2008a),
approximately 70% of small can sales are made t¥ Didividuals and 30% to
commercial accounts. In contrast, based on a siy@dyMVAC trade association (MACS,
2008), only 4.6% of small cans sales are madettmaative repair shops, suggesting that
95.4% are used by DIY. For the purpose of thidyamwe use the average value of
70% and 96.4%, or 83%, to represent the fractiosnadll can sales being used by DIY.
This amounts to 0.71 MMTCE per year of HFC-134a being used by DIYers in
California. The remaining 17% of small cans arsuased to go to professional AC
shops. This analysis only considers small can atjpers performed by individual
consumers as DIY emissions. We do not include gonis associated with small can use
by professionals, nor do we include reductions fe#sé emissions by the proposed
mitigation measures.

The fraction of DIY can use apportioned to senl@ss, can heel, and system charge is
estimated to be 11%, 22%, and 67% respectivelyesd@Higures are based on research
commissioned by ARB (Clodic et al., 2007). The iethate emissions are thus
approximately 0.23 MMTCGgE per year and the delayed emissions are approadynat
0.48 MMTCGQE per year. The following figure illustrates theissions associated with
DIY practice.

Cans in CA Currently:
0.85 MMTCQE/yr.

HFC-134a Sold in Sma‘ll

Sold to DlYers: Sold to Professional Shopgs:
83% 17%
0.71 MMTCQE/yr. 0.14 MMTCQE/yr.
| I
Can Heels: Servicing Losses: Effective Charge:
22% 11% 67%
0.15 MMTCQE/yr. 0.08 MMTCQE/yr. | | 0.48 MMTCQE/yr.

Total Emissions under BAU:
0.71 MMTCGOE/yr.

Figure 1. HFC-134a Emissions under Business-as-UslialY Small Can Practice



Costs

The annual consumer cost associated with BAU iedas the average retail cost per
can. Based on the NPD Automotive Aftermarket Indudonitor Data from the total
U.S. auto parts chain retailers sales records (NFD8), the cost average out to about
$13 per can, including the cost of the transferaagips.

To estimate lifetime costs and costs per consuinernecessary to estimate vehicle life
and the rate at which the vehicle needs servicase® on a study carried out by ARB
staff for the purposes of AC servicing (Vincentaét 2004), the average vehicle lifetime
in California is 16 years. Based on the I-MAC stMAC Team, 2007), the average
time for which a new vehicle will not need serviceabout 7 years. This is also
consistent with ARB’s study (Vincent et al., 200Fhe estimated portion of time for
which an average vehicle needs servicing is theye&s. For vehicles receiving
professional service, the system is assumed to &@emominally leak free and it is
estimated to need service at approximately 6 yetarvals (Thundiyil, 2007). For
vehicles receiving DIY service, it is assumed ttheg leaks are not repaired, and it is
estimated that the vehicle is recharged about peceyear, primarily during summer,
based on a survey conducted by ARB staff. Some ¥ small cans containing “stop
leak” compounds, but the percentage of such usesmall and the effectiveness of such
compounds are not certain. For the current armlys® assume that the leaks are
unrepaired and that the DIY service rate of 1 senper year based on various data
sources, which generates 9 DIY services over tyea®s of service need.

To estimate costs per consumer, it is necessargstionate the number of vehicles
needing service. The ARB study data indicatestti@fiverage number of cans used per
service is 1.3 (Clodic et al., 2007). Given th& thillion cans per year are used by DIY
operators, about 1.2 million DIY service operatiomur each year. Given a DIY
service rate of 1 per year per vehicle, the nunabandividual vehicles receiving DIY
service is 1.2 million. At 1.3 cans per servicd about $13 per can, the average cost of
one DIY service is about $17. The cost per vehpe year is then about $17. The
annual cost to consumers for 1.6 million cans aual$13 each is $21 million per year.
The cost of 9 DIY service operations over the diféhe vehicle is about $152.

Can Ban
Practice

ARB'’s staff proposed to ban the sale of small cddsally, there would no longer be any
DIY servicing. All servicing would be done by peskional shops. Some consumers
would forgo air conditioning and some would takeitlvehicle to the professional shops.
In practice, some DlYers will evade the regulatiarsd acquire HFC-134a for DIY

operations. This behavior is called “leakage”. f€ssional shops in California are

required to conduct complete diagnostics. Basedrame association survey data most
vehicles brought to a professional shop are repdiegore being released in a recharged
state. The repairs conducted by professional shop®xpected to last six years, thus



reducing the emission rate for former DIY vehictesone sixth of its pre-repair value.

During professional repair and recharge, a cedanount of refrigerant will be emitted

due to servicing losses and can (cylinder) heelssioms. There will also be some
professionally serviced vehicles that may needirggmt receive a recharge only, i.e. a
top off. There will also be professional serviceehicles for which repairs are not
effective. For purpose of analysis these vehieles considered part of the group of
vehicles that receive a professional recharge ce(top off) without repair.

Emissions

Under the ban, the treatment of the delayed emmssid 0.48 MMTCQE per year from
leaking vehicles is divided into categories basadconsumer choices. The emission
reductions are different for each category. A Frast Sullivan study of small can
consumers commissioned by the ARPI estimates @4t df former DIY owners would
opt to have no air conditioning rather than go raessional shop, 49% would go to the
professional shop, and 39% would look for othelias of obtaining refrigerant (Frost
and Sullivan, 2006). The 39% of consumers see&itggnative options will contribute to
“leakage”, but it is unlikely that all of them willave the perseverance to circumvent the
small can ban regulations. The true leakage rdtepmbably be somewhere between
0% and 39%. In the absence of further data on lwhicassign a leakage rate, we
currently assume the midpoint of this range, or 2@¥%obtain HFC-134a by alternative
means. We assume that the remainder of those lgpdkmalternative sources of HFC-
134a will eventually choose one of the legitimapgéians which are: obtain professional
repairs, obtain professional top off, or forgo @nditioning. We assign that remaining
19% of the former DIYers equally among the thregitimate options: 6% forgo air
conditioning, 7% go to the shop for diagnosis aghirs, 6% go to the shop for top off.
The percentages in each category become: forgmaditioning 12% + 6% = 18%; go to
the professional shop for diagnosis and repairs 492% = 56%; go to the professional
shop with the specific objective of having theistgm topped off, 6% + 0% = 6%; and
obtain HFC-134a by alternative means 20% + 0% =.20%

A 2005 MACS study showed the choices of customedrs wurrently visit professional
shops for diagnosis and repair (Atkinson, 2008le $tudy surveyed 7 service facilities
located in Pennsylvania, Ohio, Arizona, Califoraiad Florida and included over 1,400
repair orders. In that study, among those withigefation circuit problems, 5.1% choose
to reject repairs and forgo air conditioning, 6.8B®se to reject repairs and be topped off,
and 88.1% chose to have their system repaired. nillee 56% of consumers described
in the preceding paragraph who go to professiohaps for diagnosis and repair are
reapportioned into those three categories, thevatlg overall proportions are obtained:
21% of current DIY consumers forgo air conditionid§% reject repairs and have their
system topped off, 49% have their system profesdipnepaired, and 20% obtain HFC-
134a by alternative means (leakage). The figurevbalhows how the various fractions
were apportioned and recombined, with the finaligalon the right.



Original Apportioned Combined Apportioned Recombined

12% no A/IC 12% no A/IC 18% no A/IC 18% no A/IC 7 21% no A/C
49% pro shop 49% pro shop 3% no A/C

6% no AIC 56% pro shop  [49% pro repair §—]49% pro repair
39% other options 7% pro shop 4% pro top off

6% pro top off »16% pro top off 6% pro top off ->|10% pro top off

20% Leakage —>|20% Leakage 20% Leakage -—>|20% Leakage

Figure 2. DIY Behavior Change under Can Ban

The 21% of vehicles that receive no top off andeymair are assumed to become empty
and no longer emit refrigerant. Therefore 0.1 MMXLE of refrigerant emissions per
year are reduced to zero. (Forgoing MVAC has pa@kronsequences for indirect
emissions because consumers without A/C wouldylidele with windows rolled down
for a large share of VMT. The increased load duentreased drag force must be
balanced against the reduced load due to non-operat the AC compressor. At high
speed, indirect emissions might be increased. oAt dpeed, indirect emissions will be
reduced. On average, the change in indirect eomssdue to non-operation of the
MVAC is expected to be a net reduction (i.e., fangoA/C would probably reduce
indirect emissions). Changes in indirect emissiwnge not been included in the analysis.

The 10% of vehicles that are topped off are assutbedmit at their original rate.
Therefore, the 0.05 MMTC4E of refrigerant per year emitted by these vehiobesains
the same.

The 49% of vehicles that receive professional reps assumed to have their original
leak rate of one charge per year reduced to ongyehzer six years. Therefore, 0.24
MMTCO.E per year are reduced to 0.04 MMT4EOper year. The total delayed
emissions from the leaking vehicles that receivefgasional servicing are then 0.09
MMTCOE per year.

Although the service loss and can heel due to Dpérations has been eliminated,
professional operations also have service and eahlbsses. Based on assumptions in
the GREEN-MAC-LCCP model, servicing losses are megslto be 10% of the effective
charge (nominal charge minus the amount in the Wh@n it is brought in the shop) and
can heel losses are assumed to be 2%. It shoutwted that some assumptions in the
GREEN-MAC-LCCP model include these servicing lossesstill under peer review. So
the estimated percentages may be modified if taeraed values are updated. To achieve
an effective charge of 0.09 MMTGPE per year, professionals would actually consume
0.10 MMTCOE per year: 0.05 to top off leaking systems, 0®4eplace the gradual
leak of properly serviced vehicles, and 0.01 iviserloss and can heel.

The 20% of vehicles that continue DIY recharge tigio alterative means (leakage) are
assumed to emit at their original rate, includimgy dieel and servicing loss. Therefore,
the 0.14 MMTCQE of refrigerant per year emitted by these vehigé@sains the same.



Total annual emissions under the ARB proposal lans 0.24 MMTCGQGE. The annual
emission reductions are 0.71 minus 0.24, or 0.47TI@KLE (Figure 3).

Total Emissions under BAU

0.71 MMTCQE/yr.
I
I I ]
Can Heels: Servicing Losses: Effective Charge:
22% 11% 67%
0.15 MMTCQE/yr. 0.08 MMTCQE/yr. 0.48 MMTCQE/yr.
I
I I I ]
Taking Professiona| Topping Off at Forgoing A/C: DIY with Refrig.
Repair/Recharge:| |Professional Shopg: from Other Ways
49% 10% 21% 20%
0.24 MMTCQOE/yr. || 0.05 MMTCQE/yr. | |0.1 MMTCGO,E /yr.|| 0.1 MMTCO;E /yr.
Reduced to 1/6: Remaining the Samge Eliminated Remaining the Same
0.04 MMTCQE/yr.
¥ ¥ | | v v |
Can Heels: Servicing Losses: Effective Charge: Can Heels: Servicing Losses: Effective Charge:
0.003 MMTCGQE/yr.| |0.014 MMTCQE/yr.| [ 0.09 MMTCG:E/yr. | | 0.03 MMTCQ:E/yr. [(0.016 MMTCQE/yr.|| 0.1 MMTCOE/yr.
[ | | | | |
I

0.24 MMTCGE/yr. 0.47 MMTCGE/yr.

Total Emissions under ARB Early Action: > , Total Emission Reductions: /‘

Figure 3. HFC-134a Emissions under Can Ban Approach
Costs

There would be no costs or charges imposed omtlaél san industry to comply with the
ban, but there would be complete loss of revenues fthe small can business in
California. Annual can sales to DIY owners arewhb.6 million at an average retail
price of about $13 including cost of transfer appas. The 0.3 million cans sold to
professional AC shops are also assumed to be ap&i&an for purpose of analysis.
Therefore, industry would lose annual revenuesofia$25 million due to the small can
ban.

Under the small can ban, consumer costs wouldfeetatl by the difference between the
cost of professional repairs and the cost of Didhexges. DIY recharges were estimated
to occur at a rate of one per year, at cost of al®lv¥ per year.Professional
diagnosis/repairs/recharges are estimated to dmgit&650. This is based on MACS
2003 Survey which shows that a professional repast $508 on average in 2003
(MACS, 2008), which is about $580 in 2007 dollak%&e then add $70 recharge charge on
top of that. Professional repair/recharge is assutm@ccur every 6 years on average for
a cost of $108 per year for the 49% of consumemosing professional repair.
Professional topping off is estimated to cost al&i@0 (Clodic et al., 2008), and to occur
once a year on average for a cost of $100 perfgedine 10% of consumers choosing to
have their system topped off. About 20% of conssnveould still DIY recharge their
leaky vehicles once a year using refrigerant thay tobtain from alternative ways, at a
cost assumed to be 50% higher than under BAU, outaB25 per year. For the
approximately 1.2 million vehicles involved, thaabconsumer cost increases from $21



million to $84 million, an increase of $63 milliannually. For individual owners, the
vehicle lifetime cost increases from $152 for 9 BH&tvices over the life of the vehicle to
$975 for 1.5 services over the life of the vehideowners choosing repairs, increases to
$900 for 9 top offs during the life of the vehi¢ta owners choosing professional top off,
and increases to $228 for 9 DIY recharges ovetifti@f the vehicle for owners finding
HFC-134a by alternative means. In addition abdi# 2f consumers do not pay the
increased cost, and therefore have no air condhgom their vehicles. The average
lifetime cost for a DIY vehicle is then $613.

Under the small can ban, the professional vehicl€ Aepair industry would see a
revenue increase equal to the amount paid by fobhémoperators to obtain professional
repairs. This amount is estimated to be $77 milfer year.

Cost-Effectiveness

Cost-effectiveness under this proposal is calcdlare using only the increased costs to
consumers and the revenues lost to the small carstry from retail sales in California.
It does not consider the gains made by professibftalrepair operations.

The emissions reduction under the can ban prope<al7 MMTCQE per year. The
increase in consumer cost is $63 million per y&ae cost per metric ton of reduction
borne by the consumer is then about $135/MTEOThe lost revenues are about $25
million per year.

Industry Proposal
Practice

The industry has proposed an alternative plan thithe components (ARPI, 2008b):
* One, small cans will be fitted with a valve thatlweduce losses during DIY
service and will eliminate loss of the can heaetiaRIY service.
* Two, the instructions on the can will be improvedéduce losses during service
and to reduce the size of the can heel.
 Three, ARB will establish mandatory requirementsrécycle small cans and
recover the can heels, the industry will estabéigtrogram to implement the can
recycle and recovery requirements.
In addition, the industry would support effortsitzlude new A/C inspection and repair
requirements into the smog check program.

Consumers would be required to pay a deposit ol eao of HFC-134a that they

purchased, and would receive a refund of the depd®n they returned the can to its
place of purchase. The small can producers woualklive the cans back from the retailers,
recover the can heel, and recycle the small catrap metal. The details of the recycle
program such as financial obligations of partidipgtpackagers and retailers, recycle
locations, recycle rate reporting obligations, étve not yet been provided to staff. The
industry is confident that a workable program carpht in place based on the following



considerations. Consumers are familiar with depgsigrams. Retailers in the
automotive supply business are familiar with reeystograms such as for used oil, with
core deposit programs for return of items such a$ebes and alternators, and with
returns of defective products. Industry is confidiat automotive retailers would likely
comply with recycling requirements if the alternatiwere to forgo small can sales.
Small can producers can use their existing prodaodine equipment with only minor
modification and little capital investment to contithe can heel recovery process. The
return rates would depend on the magnitude of theosit and on the success of
consumer education programs. Industry is now @inygoa deposit of $5 per can.

Emissions

The combination of a can valve and new instructiores/ significantly reduce losses

during service. For the purpose of evaluating itidustry proposal we assume that
service loss emissions are reduced from 11% ofcoatents to 1%. This percentage is
defined in relation to the total emissions underB#r calculation convenience. This is

an emission reduction from 0.08 MMTGEper year to 0.007, for a net reduction of 0.07
MMTCOE.

Effective use of the new valve would eliminate esiaas from the can heel, provided the
cans were returned for recycle. Industry expegiaréicipation rate over 90%. It is now
conducting a pilot program to test the return r&er the purpose of this analysis we
assume a return rate of 75% based on the prelignneault from the pilot study. The can
heel from recycled cans is assumed to be capturtbd1®@0% efficiency. All of the can
heel from unrecycled cans is assumed to eventoadlgh the atmosphere. The current
emissions from the can heel are estimated to b@ RIMTCOE per year. At a 75%
recovery rate this would be reduced to 0.04 MMTEQ@er year, for a net reduction of
0.12 MMTCGOE per year.

The ARB has proposed a measure to incorporate &KLing and repair into the

California smog check program as an Early ActioRBA 2008g). The industry proposal
works best in conjunction with an A/C smog checigram, and industry supports that
early action measure. However, a mechanism tonaglish such a program is not clear
at this time. At present, no emission reductiamscaedited for reduction of the ongoing
leaks associated with current DIY practice. Theagetl emissions under the industry
remain equal to the 0.47 MMTGBE per year emitted under BAU.

Total annual emissions associated with the indystoposal with a 75% can return rate
are thus 0.52 MMTCgE. And annual emission reductions are 0.19 MMEE @er year
(Figure 4).



Total Emissions under BAU:
0.71 MMTCQE/yr.

Can Heels: Servicing Losses: Effective Charge:
22% 11% 67%
0.15 MMTCOE/yr. 0.08 MMTCQE/yr. | | 0.48 MMTCQE/yr.
|
I |
Returned Unreturned
75% 25%
\u/ \u/ ' 4 ' 4

0.12 MMTCOE/yr.|| 0.03 MMTCOE/yr. || 0.01 MMTCOE/yr. | | 0.48 MMTCOE/yr.

Eliminatec Remaining the Sar Remaining the Sar
I | I I
[ y
Total Emissions under Industry Proposal: Total Emission Reduction
0.52 MMTCGE/yr. 0.19 MMTCGE/yr.

Figure 4. HFC-134a Emissions under Industry Propoda
Costs

The cost of fitting a valve to each can is estimdig industry to be $0.25 per can. The
cost of operating the recycling program is estimdg industry to be about $0.75 per can.
These costs, totaling $1 per can, would be pasgeei the consumer in the increased
price of the can. At 1.6 million cans per year ithereased consumer cost is $1.6 million.

The deposit amount, currently proposed at $5 perwauld in theory be returned to the
consumer. However, the can return rate is unlikelige 100%. The unclaimed deposits
could go into an escrow account used for GHG eomssnitigation efforts, offset the
retailer’'s cost of handling the returns, fund palbtan return education programs, etc.
However, for purpose of this analysis the unclaingegosits are simply counted as
additional cost to the consumer. Given a 75% eturm rate and a $5 deposit per can,
the 25% of unclaimed deposits come to $2 millionywsar.

Total increased cost to the consumer is thus $8l®mper year.

Cost-Effectiveness

Cost-effectiveness under this proposal is calcdlatre using only the increased costs to
consumers.

The emissions reduction under the industry prope@#gh 75% return rate is 0.19
MMTCO,E. The increased consumer cost is $3.6 millionificreased can costs plus
unclaimed deposits. The cost of emission redudimme by the consumer is then about
$19/MTCQE.
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Enhanced Industry Proposal
Practice

ARB staff propose enhancements to the industrygealpto further reduce emissions and
ensure higher confidence in realizing the emisgieductions brought about by the
industry proposal. This approach will include, idd@ion to the industry proposal, a

mandatory return rate target of probably 95%, andomprehensive DIY education

program. At periodic intervals the return rate wbbk assessed by ARB. If the return
rate target is not met, then the deposit will lgmsicantly increased. This process would
continue until the target recycle rate is achievélle education program would cover the
deposit program, environmental issues (ozone depleind global warming) that are

associated with refrigerant emissions, fundamerddlIMVAC systems, recommended

procedures for DIY recharging, and potential riskenproper recharging.

Improved usage instructions on the small cans aifl ddlucation program will better
inform consumers of the potential risk to their AG8d damage to the climate system
from DIY recharging, thus discourage some of theamtiouing DIY recharging.
However, this cannot be quantified at this pointthis analysis, it is assumed that no
consumer would change DIY behavior due to this leggan.

Emissions

It is anticipated that with improved can instruagsoand DIY education program, the
servicing losses would likely be reduced to minimbhus, the 0.08 MMTCEE of
emissions due to servicing are eliminated.

The emissions due to can heels were 0.15 MMJECger year under BAU. With the self-
sealing valve, the heel will be contained in the.dathe target return rate of 95% is met,
these emissions will be reduced to 0.008 MMTEQGS0 the emission reductions will be
about 0.14 MMTCO2E.

We expect that the consumer education program waoaléase the number of DIY users
motivated to find and repair leaks. However, we enamt quantified this change in
consumer behavior and for the purpose of analysts delayed emissions of 0.48
MMTCO.E per year are assumed to remain the same.

Therefore, the enhanced industry proposal wouldesaeh0.22 MMTCGQE per year in
emission reductions and the annual emissions woeiIl@l49 MMTCQE (Figure 5),
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Total Emissions under BAU:
0.71 MMTCQE/yr.

Can Heels:
22%
0.15 MMTCO.E/yr.

Servicing Losses:
11%

0.08 MMTCOE/yr.

Effective Charge:
67%
0.48 MMTCQE/yr.

Returned
95%

{

Unreturned
5%

{

Ny

N

0.14 MMTCQOE/yr.
Eliminatec

0.01 MMTCOE/yr.
Remaining the Sar

0.08 MMTCQOE/yr.
Eliminatec

0.48 MMTCQ.E/yr.
Remaining the Sar

Total Emissions under Industry Proposal:
0.49 MMTCGE/yr.

y

0.22 MMTCQE/yr.

Total Emission Reduction /

Figure 5. HFC-134a Emissions under Enhanced IndusgrProposal

Costs

Similar to the industry proposal, the extra cos$bdfper can due to the self-sealing valve
and recycling program would be passed on to thewwoer in the increased price of the
can. At 1.6 million cans per year the increaseduaarer cost is $1.6 million.

Given a 95% can return rate and a $5 deposit pertiea 5% of unclaimed deposits come
to $0.4 million per year and will be an additiooakt to the consumers.

Total increased cost to the consumer is thus $ftomiper year.

Cost-Effectiveness

Under this enhanced industry proposal, about 0.22TRIO,E of emissions would be
reduced per year at an increased cost of $2 mif@nyear. The cost-effectiveness is
then about $9/MTCEE.
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Fee-Based Alternative
Practice

A fourth approach to reducing emissions from smahls would be to charge a fee per
can, or a fee per mass of HFC-134a. The follovdisgussion is presented on a per can
basis. DIY practice would be as described undeBéxcept that consumers would pay
an additional fee per can at the time of purcha3ée fee approach could also be
combined with the Industry, or the Enhanced Industoposal.

Emissions

A typical small can contains about 12 ounces weg@h840 grams of HFC-134a. The
GWP of HFC-134a is 1300, so the typical small cantains about 0.44 MTCE. An
approximation useful for mental arithmetic is tlkeach can of HFC-134a contains about
one half metric ton of CQequivalent.

A carbon fee attached to the HFC-134a in small camdd affect greenhouse gas
emissions in two ways. First, depending on the @it the fee, the fee might cause
reduction in consumer use of small cans. Secdmdfde could be used by the State to
“neutralize” the emissions via State sanctionegegte—most probably in-State projects
verified using State approved protocols.

Note that the fee approach could be easily combumigid the portion of the industry
proposal that adds valves and improved instructiorthe small cans, or with the entire
industry proposal including recycling. It is impamt to remember that ARB still desires
to generate within-sector reductions to the exteasible. The fee-based approach is
compatible with parallel emission reduction effortd~ees are especially helpful in
achieving net reductions in the short-term. Thertsterm reductions can be the initial
phase of a longer term backstop strategy suchegwvbntual phase out of high-GWP
refrigerants and replacement with low-GWP refrigésa

The disincentive effects of the fee on emissiord@sts can be analyzed using the same
model as for the small can ban with a minor additia the ban model, former DIY users
are apportioned into four categories: obtain ptasl repairs, obtain professional top
off, forgo air conditioning, or obtain and use HEB4a by alternate means. In the fee
model, one more category is needed: continue tolagad DIY small cans. This last
category has the same emission impact as “obtairua@ HFC-134a by alternate means”
(i.e., no reduction from BAU), but the cost implicms are different. We have not
presented quantitative results from this model beeave do not have the data needed to
predict reduction in small can use on the basfe®@magnitude.

Fees set commensurate with the cost of carbon airdikely to cause much actual
emission reduction within the sector because akaticarbon trading prices (ETS CERs,
March 2008), the fees would be small compared &dbst of professional servicing.
Even though in-sector emissions of ££0would not be significantly reduced, using the
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fees for carbon mitigation would reduce Statewideemissions of C4E. If the fee per
can were set to offset the contents per can, themét statewide emissions would be
reduced by the total sale of @©in small cans, which is 0.85 MMTGBYyear. In this
fee scenario, small can sales to non-DIY profesdsoare included in the benefit. In the
ban scenario, small can sales to professionals @ealeded because there is likely to be
little emission savings in switching from small case by professionals to large can use
by professionals. But the mitigation benefits bé tfee are realized no matter who
purchases the can.

Small can use is not necessarily the only actifotywhich a mitigation fee may be a
viable option. For example, it might be more ajppiate to require a mitigation fee for
all use of HFC-134a (or even other high-GWP sulzsts); regardless of container size.
The fee could even extend to factory installed HFRB33a in new vehicles. We are
currently in the process of identifying legal, tecal, and practical constraints with the
inclusion of a mitigation fee.

Costs

We do not have data to support a quantitative iogiship between fee value and
reduction in small can use. However, many DIYess amall cans to avoid the cost of
professional work. A professional top-off cost®ab$100 and professional mobile air
conditioning repairs cost, on average, about $620.fee would probably not have
substantial impact on small can use unless it sgted a substantial fraction of the cost
of professional work.

The intention of this discussion is not to speafynarket or set a fee but to give an

example. The actual fee mechanisms would need ttebeloped as part of a larger State
program. The State needs flexibility to achiewe Scoping Plan targets, and industry

needs a certain stability in fee structure to ofgebaisiness successfully. For the purpose
of example, if the fee were set at $25/MTEQthen the fee for a typical can would be

about $11/can.

Cost-Effectiveness

If the fees were set high enough to cause sigmficeduction in can use, then former
DIlYers would be driven to a mix of options simitarthose chosen in the case of the ban.
The cost-per-ton would be similar to that of the Iptus the addition of the can fee, thus
making it less cost-effective than the ban. Tha-effectiveness of a fee used to mitigate
emissions would be expected to be determined wsinggtric that links to the costs of
getting equivalent, and robust reductions. Fomgda, assuming a mitigation fee of
$25/MTCGQGE translates into a cost-effectiveness of $25/MTEO
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SUMMARY

The can ban approach would eliminate approximdiely MMTCGO,E per year of HFC-
134a emissions from DIY recharging of MVAC usingadhtans at a cost of about
$135/MTCQE to the consumer plus $25 million per year in lastenues to industry.
About 0.13 MMTCQE of the reduction depends on the ability of prsi@sals to service
systems with 10% service loss and 2% can heel.ud®@1 MMTCQE of the reduction
depends on 49% of the former DIYers obtaining msi@al repairs, and the ability of
professional repairs to reduce average leak rayes lactor of six. Another 0.14
MMTCOE per year depends on 21% of consumers choosifoggo air conditioning in
their vehicle.

The industry alternative proposal to improve equepitn improve instructions, and
establish a recycle program with 75% can reture nabuld eliminate about 0.19
MMTCO.E per year at a cost to the consumer of about $TGME. About 0.07
MMTCOE per year of the reduction depends on 90% of goessi following servicing
instructions carefully. About 0.12 MMTGCE per year of the estimated reduction
depends on 75% of consumers choosing to recycls, Gamd on the ability of the
packager or recycling contractor to recover 100%anf heels from recycled cans.

The enhanced industry proposal adds to the indystiposal a mandatory return and
recycling program for the can, a target can retata of 95%, and a comprehensive DIY
education program. It could achieve emission redastof 0.22 MMTCQE per year
even if no DIYers change their behavior. The inseshcost is $2 million per year and
the cost-effectiveness works out to be $9/MTLEO

A mitigation fee could be used by the State to gmaie emissions equal to the small can
sales, which are currently 0.85 MMT@EBlyear. As an example it follows that a
mitigation fee of $25/MTCgE, for example, would translate into a cost-effeatiess of
$25/MTCQE. The fee-based approach, with fees to suppdgsémn mitigation roughly
equivalent to the can contents, would probablyaanise a substantial reduction of actual
emissions within the sector (i.e., the number of Dans used). The fee-based approach
needs to be considered in conjunction with otheission reduction approaches to
achieve long-term gains.

Table 1: Emissions and Economic Impacts under BAUral Regulatory Proposals
o Emission | Cost-Effectiveness Lost Revenue
; Emissions : . -
Scenario MMTCO E/Nr. Reductions | (Consumer Side) Million
=Y IMmTCOo oE/yr. | Dollars/MTCO,E | Dollars/yr.
BAU 0.71 NA NA NA
Can Ban 0.24 0.47 135 25
Industry Proposal* 0.52 0.19 19 0
Enhanced Industry Proposalf* 0.49 0.22 9 <1
Fee-for-Mitigation 0.85 0.85 25%** 0

* Assume 75% of can return rate.
** Enhanced Industry Proposal sets a mandatoryretumn target of 95%.
*** Depends on carbon market price.
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DETAILS OF ASSUMPTIONS AND CALCULATIONS FOR THE EMI

APPENDIX A

SSIONS

AND ECONOMIC IMPACTS ANALYSIS

Table A.1: Emissions and Economic Impacts under BAldnd Three Proposals

Can|Industry Enhanceq
BAU Industry
Ban|Proposal
Proposal
Annual Can Sales to DIYers (million cans) 1.6 NA1.6 1.6
Annual Emissions (MMTCGgE) 0.71)0.24 0.51 0.49
Annual Emission Reductions (MMTGB) NA |0.47| 0.19 0.22
Annual Revenue Loss (million dollars) NIA25 0 0
Annual Extra Costs for All Leaky Vehicles (milliatollars) | NA[62.9 3.6 2
Cost-effectiveness to Consumers (dollars/MTE NA | 135 19 9
Lifetime Costs for a Leaky Vehicle (dollars) 15813| 178 167
Table A.2: Independent Parameters
Notation Definition Estimate References
Ecan  |Amount of HFC134a sold in small cal0.85 ARB, 2007b
annually in CA MMTCO,E
San  |Number of small cans sold annually in CA| 2 million |[Same as the above
Y Vehicle’'s average lifetime 16 years Vincent et 2004
Yo |Average time after which a leaky vehicl7 years I-MAC Team, 2007
AC needs its first recharge
Y, Average time that a leaky MVAGecharge(1 year ARB staff estimate based marious dat
without repair lasts before it needs ano sources
recharge
Y, |Average time that a leaky MVAC repail6 years Thundiyil, 2007
and recharged by a professional shop
before it needs another repair and recharge
Nc  |Average number of small cans needed f|1.3 cans Clodic, 2007
DIY recharging event
Py Percentage of HF@34a in small cans sold|83% ARB staff estimate based on threate
DlYers in CA sources:
ARPI, 2008; Atkinson, 2008a ang
MACS, 2008
P.;  |Average percentage of can heels during |22% Clodic et al., 2007
recharging
P>, |Average percentage of servicing leaks du11% Same as the above
DIY recharging
P,; |Percentage of original DIYers (under BA49% ARB staff estimate based on two d
that would pay for professiohaliagnosis sources:
repair and recharge should a ‘Can E Frost & Sullivan, 2006; anditkinson,
regulation be implemented 2008b
P,, |Percentage of original DIYers (under BA21% Same as the above

that would not pay professional repaind
hence would not have their MVA
recharged any more should a ‘Can E

regulation be implemented
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P,; |Percentage of original DIYers (under BA10% Same as the above
that would choose to top off girofessiong
shops should a ‘Can Ban’' regulation
implemented
P,s |Average percentage of can heels du2% ARB staff estimate based on assumptions
professional recharge in the GREEN-MAC-LCCP Model
(Papasavva et al., 2008)
P,s |Average percentage of servicing leaks du10% Same as the above
professional recharge
P;; |Percentage of DlYers that return the y75% ARB staff estimate based on ARPI's p
cans (under industry proposal) study
Ps;>  |Average percentage of servicing leaks du1% ARB staff estimate based on two ©
DIY recharging under industry proposal sources:
Frost & Sullivan, 2006; and Clodic, 2007
P,; |Percentage of DlYers that return the Uy95% Targeted return rate in the manda
cans (under hybrid approach) recycling program of hybrid approach
P,, |Percentage of DlIYers thatvould chang({0% Most conservative scenario
behavior under hybrid approach
Ps Percentage of increase in DEost for peopl|50% ARB staff estimate
seeking alternative ways to obtain small ¢
should a ‘Can Ban' regulation
implemented
R;  |Average retail price for a small can $13 NPD, 2008
R,; |Price increment for a small can un|$1 ARPI, 2008a
industry proposal
R, |Redemption value for a small can un$5 Assumed value to ensure relatively h
industry proposal return rate
Requ  |Annual extra cost per consumer due to|$0 Most conservative estimate
addition of the voluntary DIY educati
program
Rs;  |Average price for a professional diagng$650 ARB staff estimate based on MACS 2
repair and recharge of a leaky MVAC Survey (MACS, 2008)
Rs,  |Average price for a professional recharge [$100 Clodic, 2008
leaky MVAC
Assumptions

1. The percentage of charge that a ‘leaky’ MVAC kadose before a recharge takes
place is the same under DIY operation and professicepair and recharge. As a side
note, the USEPA Vintaging Model assumes that ansf€lem requires servicing when
the refrigerant level drops below 50%.

2. The refrigerant recovered in professional samgicwill be properly recycled or
reclaimed and cause no emissions.

3. Under the industry proposal, servicing leaks banreduced by providing better
instructions to the DIYers and having self-sealmafyes to the can. Emissions due to can
heels for the portion of the DIYers who return tieed cans are negligible due to self-
sealing valves.

4. Under the industry proposal, a DIYer would eitheturn the used can and get the
refund or dispose of the can and the refrigerantest inside the can would eventually
be emitted to the atmosphere.
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Notes
1. This analysis does not take into account theghan vehicle population.

2. The estimation in this analysis is decouplednftbe climate benefits from other Early
Action measures including “Addition of AC leak temtd repair requirement to smog
check”, “Requirement of low-GWP refrigerants foan&VAC”, and “Reductions of
HFC-134a emissions from professional servicing &AL".

Analysis

1. BAU

Number of small cans sold to DIYers annually in SA

Ssale = Po [Bean

=83%x2 =166 (million cans)

This leads to the annual emissions of

E= PO |:IEcem

=83%x 085=0.706(MMTCO,E)

Nominal number of small cans sold to DIYers annualCA (assuming 12 oz / can):

E 6
°7 =2.261x10° (E
12020,02835"9 100 MMT (730 MMTCOE
0z MMT ;

=2.261x10° x 0.706 = 1.596 (million cans)

which is close to the actual number of small casld 0o DIYers annually in CA (1.66
million). This is mainly because the majority oétmarket share of small cans is in 12 oz,
and 12 oz is a fair estimate of the average cam 3iaus, the following calculation will
not differentiateS;;eandS and will useSwhenever the number of cans is needed.

Number of unique DIY vehicles:

NC

_1x1596
13

Ny

=1.227 (million vehicles)

Note that a vehicle that gets multiple rechargesnduits lifetime is counted as one
unique DIY vehicle.

Adjusted lifetime for recharging (referred to hdtemas ‘lifetime’):

Yag =Y Yo

=16-7 =9 (years)

which is the lifespan of interest to us during Wwhiepair / recharge happens.

Number of recharges in a leaky vehicle’s lifetime:
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Yadj
Y1

Nrgau =
9 .

=— =9 (times
1 ( )

Lifetime costs for a DIY vehicle:
CiLpau = Ngpau INc [Ry
=9x1.3x13=15210(dollars)

Annual costs for a DIY vehicle:

c _Cieau _ Ngpau INc IR, NG R
BAU = = =
Yadj Yadj Yl

= %) =1690 (dollars)

Annual costs for all DIY vehicles:

Cangau = SR
=1.595x13=20.74 (million dollars)

2. ‘Can Ban’

Under BAU, theNy ‘leaky’ vehicles that have been DIY recharged woidak on
averageMgay (in MMTCOLE) of refrigerant per vehicle duriny; years. This total
amount of ‘system leaks’ should be equal to totaissions due to system leaks oWer
years:

_ Ny Mgay

Y, [E .
1-R;-Py

Under the ‘Can Ban’ regulation, a fractioR,{) of the same leaky vehicles would be
taken to professional shops for diagnosis, repait @echarge. They would then leak
slowly until they lose on averad#ya, of refrigerant per vehicle during years. Another
fraction P,2) of the leaky vehicles would not get repair ancheege and hence would
eventually go without A/C, generating no refrigdrbaaks. The rest of the leaky vehicles
would be taken to professional shops only for reghaThe amount recharged to their
A/C systems would leak ovef; years, similar to the systems that would have liziéh
recharged. The total amount of system leaks shbalekqual to the fraction of total
emissions (assumed to Bgy, per year) that is due to system leaks ofgeyears:

Y. Y.
Po1 INy M pan +72 (Po3 INy (M pap 72 (1~ Pyy =Py, = Py3) INy My
1 s+

Y, (Epqn =
2 ~ban 1-P,, =Py 1-P; - Ry

Based on Assumption 1,

M pan =Mpgay -
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Thus,

1-Py-Py, Y,
Epan = [ﬁ i [Pyy +Py3) + (1= Pyy = Pyy = Py3)] [E
— —-119
S[A22671I%, L honh+10%) + (L- 49% - 21% —109%)]x 0.706= 0.239(MMTCO ,E)
1-10%-2% 6

Note that under ‘Can Ban’, the above calculateduahemissions will be less than the
refrigerant sales attributed to this portion ofgesarhis is because the technician would
first vacate the A/C and then charge the nominabwarhof refrigerant and according to
Assumption 2, the recovered portion of the refragerwill be properly treated and will
not cause emissions.

Annual emission reductions:

1-Py-P, Y,
ERyan =E-Epan =E ‘[# L [Pyq + Pog) + (1= Py — Py = Py3)] [E
1-Pyy =Py Y,
1-P,-P, Y,
=[(Pyy + Py + Pyg) —— 2 L [P, + Py,)][E
1-Py =Py Y,

=0.706-0.239= 0.467(MMTCO,E)

Number of professional repairs and recharges @akyl vehicle’s lifetime:

Yad'
N Rb =24
an Y2

=% =15 (times)

Lifetime costs for a leaky vehicle that would h&w@en DIY vehicle but whose owner
chooses to have professional repair and recharge ¥@an Ban’ is in place:

_ _ Yaq
C1,L,ban - NR,ban DR31 - Y. DR31
2
=15x650=975(dollars)

The number of professional recharges in a leakyclash lifetime would be the same as
under BAU (Nrpau) if its owner choose topping off without leakingoplems fixed.
Lifetime costs for such a leaky vehicle are:

Yadj

CyLban = Nrpgau Ry, =
Y,

R,
=9x100=900(dollars)

Number of recharges in a leaky vehicle’s lifetimeuld be the same as under BAU
(Nr Bauv) if its owner obtains refrigerant through altematways. Lifetime costs for such
a leaky vehicle are:

CsLpan = L+ P5)[C gay = L+ Ps)Ngpgay (N Ry =

= (1+50%)x15210=22815(dollars)

Y .
9 N L+ Py) (R,
Yl
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Note that the owners for the rest of the leaky &lelsi that would be DIY vehicles would
choose to forgo A/C and thus incur no costs.

Annual costs for all leaky vehicles that would h&meen DIY vehicles:

_ PNy Gy pan + PasNyCo pan + = Poy = Py = Py3)Ny Cg pan

Call,ban - Y
adj

S Y,
= N~ EDY—l [Py (Ray + Po3 Ry + (1= Py = Py = Pog) L1+ P5) [Ry]
c Y2

_ 49%x1.227x975+10%%1.227x 900+ (L - 46— 21% —10%) x1.227% 22815

9 =83.63(million dollars)

Average lifetime costs for a DIY vehicle are:

Yad' |:([-:all,ban
CL,ban = ] N
\%
_ 9x8363

=61338(dollars)
1.227

Annual extra costs for all leaky vehicles that vebbdve been DIY vehicles:

S Y
ECaiban = Caiban ~Cangav = No EDY—l [Py Ry + Pog [Rap + (1= Pyy = Pyp = Pyg) L+ By) [Ry ] - SRy
c M2

Y,
Y*l [Py [(Ryy + Py [Rgy + (1= Pyy = Pyp = Pp3) L+ P5) IRy
2

=S N R
c

=8363-20.74= 6289 (million dollars)

Cost-effectiveness to consumers:

Y,
L P, [Ryy + Pyg [Ryy + (1 Py — Pyp — Pog) L+ P5) (R,

Y.
Sip-2
_ ECall,ban — Nc

CEconsban -
1-P,-P, Y,
ERoan SR Py + Py)]E
1-Pyy =Py Y,

~R]

[(Pyy +Pyp +Py3) =

Y.
Yfl [Py [R3y + P3[Ry + (1= Pyy = Py = Pyg) A+ Bs) [Ry
2

Nc

17 "he [qﬁ P,y + Py3)
1=-Py =Py Y,

Sa
E
(Poy + Py + Py3) =

= 6289 =134.72 (dollars/MTCO,E)

0.467
Annual revenue loss by small can industry:

S
RI-ban = F DR1
0

_ 1595

0

x13=2498(million dollars)
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Note that 17% of the small cans (Pg) are sold to professional shops. If ‘Can Ban’
regulation was implemented, the small can industoyld also lose this fraction of the

market. Also note that for the DIYers who would ocke to obtain small cans through
alternative ways may purchase cans from internetutvof-state, which may to some

extent offset the revenue lost within California bt all since cans could be produced
out-of-country from different group of industry. Niata are available to break down the
leakage.

3. Industry Proposal

Under Industry Proposal, to the number of DIY védscwould be the same as under
BAU. A fraction of the usersPg;) would return the cans, hence only incur servicing
leaks and delayed emissions (Assumption 3), whaamguivalent to the effective charge.

The rest of the users would incur delayed emissidssumption 3), servicing leaks, and

emissions due to can heels (Assumption 4). Noteth®aservicing leaks would be less

than that under BAU due to the improved instrudiamd self-sealing valve. Thus the

annual emissions would be:

Y. [E. . = Psi Ny M ing [ P14) + (1= P3;) INy Mg
Lo 1-Py—Pp 1-P;-Pyp

Based on Assumption 1,
Ming =Magay -
Thus,

Eig = A-Py Py [A-Py —Ryp) E
1-Py Py

_ (@=7%%x22%)x (1- 22%—-11%)

1-22%-1%

x0.706= 0.513(MMTCO,E)

Annual emission reductions:

A-Py ) -Py —Pp) o _ - A-Py Py)[A-Py —Pry)
1- F,11 - P32 1- F,11 - P32

=0.706-0.513= 0.193(MMTCO,E)

ERn =E-Eg =E- 1E

Annual costs for all DIY vehicles:

Caiing = SWP3 Ry + Ryp) + (1= P3y) LRy + Ryy + Ryp)] = SR, + Ryy + (1= Pyp) [Ry;]
=1595% [L3+1+ (1-75%)x5] = 24.33(million dollars)

Annual extra costs for all DIY vehicles:

ECaiind =Cajnd ~Canpau = SOIRy + Ry + (1= P31) [Ry,] = SIR; = SIIR,; + (1-P3;) [Ry,]
=24.33-20.74= 359 (million dollars)
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Cost-effectiveness to consumers:

CE. = ECalind _ SRy + (1~ Pyy) [Ry, ] _S g Ry + (1~ Psy) [Ry,
consind ERing - A-P; [P LA-Py - Plz)] E E 1- A-Py P) [A-P; = Ppp)
1-Py =Py 1-Py =Py
=39 _ 18,60 (dollars/MICO,E)
0.193

Lifetime costs for a DIY vehicle:
_ Yadj |:q:all,ind - Yadj

Cling = N v NG MRy + Ryy + (1 P3q) Ry, ]
v 1
- 9%2433 _ 12843 (dollars)
1.227

Annual revenue loss by small can industry:
Rl =0

4. Enhanced Industry Proposal

The comprehensive DIY education program and impdamstructions on the can might
discourage some DIYers to perform the DIY rechaygine to increased knowledge of
the potential risk to the AC and damage to the alenHowever, this cannot be quatified
at this time. For the purpose of this analysis, assume no DIY will switch to
professional servicing due to the measure. Addilign the education program and
improved instructions could further reduce the mémg leaks, likely down to mininal.
They, together with the mandatory recycling programad deposit increase mechanism,
would improve the can return rate to the targete¥% 9The annual emissions would be:

Y. Y.
72DP41 |:NV DMenh Hl_ Pll) 72[{1_ F>41)DNV |:Menh
1

Y,
Y2 |:Eenh = (1_ P42)|:l.] = 1-P.-P + 1-P.-P
11 32 11 32

]

Y. Y.
P,1 [Ny wenh+72[n:’23DNv M ey 72|:(1‘ Po1 = Py = Py3) INy M ¢y

+P 1 + 1
- [B 1- P24 - l:)25 1- I:>11 - P12 ]

Based on Assumption 1,

Mennh =Mpgay -
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Thus,

Y,

Py [ Py + Pog) - Py — Ppy)

E :[(1_ Pi2) - Py [Py Q- Py —Ppy) + * Yo - b
. 1-Py =Py 1-Ppy =Py

+ Py L= Pyy = Py = Py3)] [E

1
0, - — — 0,
(1- 0%6)x (1- 959 2206 (1 2296 11%) _ 0% (- x 49%+10%) x (L~ 225 ~11%)

=l 1-22%-1% 1-2%-10%
+0%Xx (L— 49% — 21%—10%)]x 0.706
= 0.486(MMTCO ,E)

Note that the above calculation assumes that navonéd change their DIY behavior.
Annual emission reductions:
ERenh =E- Eenh

Y1
(- Py) =Py P - P, - Py) 2 Ly, P2t P 7P Re)
1-P,-Py, 1-Pyy =Py
=Py 1- Py =Py = Pza)] (E
=0.706-0.486=0.220(MMTCO,E)

= [1—

Establishing the comprehensive DIY education pnogvell need financial and human
resources. At this point, it is not clear whethex additional cost would be passed onto
consumers. For the purpose of this analysis, ds@imed that no additional cost would
incur by this education program. Then the annusisctor all DIY vehicles are:

Caienh = L= Py2) {SI[Pyy [(Ry + Ryy) + (1= Pyy) [(Ry + Ryy + Ryp)] + Ny [Reg}

S Y,
+Py GN_ EDY—l [Py [(Rgy + Pog [Rgp + (1= Py = Py = Pyg) LA+ B ) [Ry]
c Y
Y,
= (1= Pyp) [BOIR, + Ryy + (1= Pyy) Ry, +N_1 Redul
c
S Y,
+Py GN_ EDY— [Py [(Rgy + Pog [Rgy + (1= Py = Py = Pyg) LA+ B ) [Ry]
c T

= (1-0%)x1.595x [L3+1+ (1- 95%)x 5) +%x0]

+ 0%><%§5 x[% x 496 x 650+10%x 100+ (1— 49% — 21% —10%) x (L+ 50%)x13

=22.73(million dollars)
Annual extra costs for all DIY vehicles:
ECaienh = Caienh ~ Caigau

Y,
= (1= Pyp) BOR; + Ry + (1= Pyy) Ry, +N_l Redul
c

S Y,
+ Py, E'N_ [DY—l [Py; [Rgy + Pog [Rgp + (1= Pyy = Poy = Pog) [+ P5) (R | - SIR,
c "

=22.73-20.74= 199 (million dollars)

24



Cost-effectiveness to consumers:

ECaienn
CEconsenh: E;e,en
nh

Y, S _Y,
(1= Pg) (BOR + Ryy + (L= Pyy) [Ry, "'N*l Read + Paz BNi EU?l [Po; [Ryy + Pyg [Rgp + (1= Py = Py = Pog) L+ B) [R] - SR
_ c c Y

Y,
Py, (2 Py + Pyg) (- R, - R
a—agmfaﬂﬂam—araa_4ﬂﬁa” ) - o~ o)
l_Pll_PB:Z l_P24_P25

(- = Py L= Py = Py = P)] [E

Y, 1 Y,
S (1‘P42)[ﬂR1+R21+(1‘P41)ER22+N71Redu]+P42DN*E071EleER31+P23ER32+(1‘P21_P22_P23)E(1+P5)ER1]_R1
-Sg c c Y
E

Y,
P (2P +Pg) 1-R, - By)
1 @-Pp)H1-Py (RYL-P,; - Ry) 2y, H o
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Lifetime costs for a DIY vehicle:
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=166.73(dollars)

Annual revenue loss by small can industry:

RLenn = Pap BIRy
=0%x1.595x13=0

Similar to Can Ban, the revenue loss could be bftssome extent by the increased sales
from internet and out-of-state. But this factontd taken into account since no data are
available to break down the leakage.

Derivation of Independent Parameters
1.Po

Both ARPI and SAE point out that not all small casitaining HFC-134a are sold to
DIYers. ARPI estimates that 30% of the cans aré s$olprofessional market (ARPI,
2008a).

In contrast, SAE supplies data that indicate tliallthe HFC-134a used in MVACS in

2003, factory fill, 30-Ib cylinders and small cahave shares of 30%, 39% and 31%,
respectively (Atkinson, 2008a). 30-lb cylinders apparently exclusively used by
professional shops. But some shops also use sara| avhich is about 3.5% of the total
usage by professional shops (MACS, 2008). Thus,obudll the HFC-134a used in

MVACSs, the percentage of HFC-134a in small cangl useprofessional shops is 3.5% x
[39% / (1 — 3.5%)] = 1.41%. This means that 1.4134% = 4.6% of small cans are sold
to professional shops. For the purpose in thisyarsglwe take the average of the two
estimates, 17.3%, as the percentage of HFC-134amall cans that are sold to
professional shops in California. So the percentafyjsmall cans sold to DIYers in

California is 82.7%. Rounding it off results in 83%s presented in the Table for
Independent Parameters.
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2.Pos and Pos

The GREEN-MAC-LCCP Model, Version 3, uses the failog emission estimates on

professional servicing (Papasavva et al., 2008)grafns per service for servicing leaks
and 5 grams per service for heel emissions. Acogrtih Assumption 1, the effective

charge during professional servicing is the saméhaisduring DIY recharging. And the

latter is

67% x 1.3 can/recharge x 12 oz / can x 28 g+ 293 g.

So the total amount of refrigerant used per prodess servicing is:
35+ 5+ 293 =333 (g),

in which servicing leaks, heel emissions and effectharge account for 10.5%, 1.5%
and 88%, respectively. By rounding off the valugs,use 10% and 2% fét,4, andPas,
respectively.

Note that during recharging, a professional traitechnician would first recover the
refrigerant left in the A/C, then recharge the sgstwith an appropriate amount (usually
the nominal charge) of refrigerant. The recoverfdgerant would be either reclaimed
onsite or sent to a recycling facility for propecycling / reclamation. The concept of
‘effective charge’ used here for the calculationRgaf and Py is not the total charge
during recharging phase (usually the nominal charbet rather the net charge of
recovering and recharging phases (usually the sesriee amount of refrigerant an A/C
has to lose before a recharge takes place).
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